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The l-malic acid ‘which is adsorbed on an anion ex-
changer in the preparation of a bland apple sirup can be
recovered from the effluent from the sodium carbonate
regeneratxon of the exchanger. Only a slight modification
is necessary in the’ regular regenerative procedure to re-

PREVIOUS paper-(4) described a procedure for the removal
. of malic acid from apple juice by adsorption on an anion
exchanger used in the manufactire of appleé sirup. Deacidi-
fication results in a lower reqmrement of lime for the precipitation

of pectin than in the ongmal sirup process (12), leaves less cal-.

cmm malate in the juice, and produces a blander sirup. “The
present, paper. describes a procedure whereby the malic acid can
be obtained as a by-product from the deacidification step in the
manufacture of, this type “of -apple sirup. Malic acid can be
used as a food acxdulant and the active acid might also have
specml apphcatxon in chemmtry, where an optically active com-
pound is desired.

Ttis generally recognized that l-malic acid (levorota.tory) is the
‘principal organic acid in apples, a.lthough the presence of citric acid
has been reporbed (2 7 1 4) ‘The absence of other acid simplifies
the procedure, since it is not necessary to separate acids. . No
evidence of an acid ot.her than l-malic was found in the apple
juice used in ‘the expenments reported herein. Charley et al.
'(5) prepared: malic acid as a by-product’in the manufacture of
apple treacle. They neutralized the excess acidity of the juice
with calcium carbonate and, on concentrating, obtained a pre-
clpxtat-e of neutral calcium malate. Juice of high acidity (0.7%)
was used in their work. The present authors were unable to
duplicate their results with juices of a lower acidity (0.4%)
commonly found in America. Active l-malic acid has also
been prepared from’ maple sugar sand (18) and mountain ash

rerries (£0).

Anion- exchangers have been used in the recovery of tartaric
acld from grape’ wastes (10).. In the present work the anion

xchanger is used as an acid adsorber, inasmuch as the main
purpose is the reduction-of the acidity of apple juice. "Regen-
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- rotatory power (6, 9, 21).

cover what would otherwise be waste material. The acid
is obtained in the regenerant effluent as the ‘soluble
sodium salt, preéipitated -as the normal calcium salt,
and converted to the free acid by double. decomposition
with sulfuric acid.

eration is accomplished with sodium carbonate solution, and the
acid is recovered in the regenerant effluent as the soluble sodium’
salt and is precipitated from the efluent as the insoluble calcxum
salt.

Free malic acid is very difficult to crystallize. . The apple
sirup manufacturer would probably prefer to sell the calcium
mslate to chemical manufacturers, who in turn would prepare
the free acid, either in crystalline form or as a’concentrated
solution.

It was also thought that the distillery waste from apple; bmndy
manufacture might be’ utilized as another source of mahc .acid.
However, analysis has shown.that such wastes contam Tittle; df
any, malic acid. - Malic acid is ‘partially or completely destro; d
during ‘the: fermentation' process, probably being converted to
lactic acid (8).

DETERMINATION OF MALIC ACID

Since malic 'was the only acid in the apple j juwe “uséd in’these
studies and since it existed almost entirely in-the’ uncombmed
condition (2), determination of the titratable ‘acidity of apple
juice gave its’ malic acid content. The juice was titrated - with
standard alkali to a pH value of 8.1 (3) rather than to a phienol-
phthalein end pomt -The latter is difficult to read because of
the color of the juice and because of the appreciable da.rkenmg
which occurs as the acid is neutralized.

“The method. generally employed for determination of sodium
malate in the regenerant effluent is based on the fact that 1nalic
acid with a uranyl salt forms a complex with. greatly increased
-Many -.modifications :have .been
described in the literature. -* The one described heré is a sxmphﬁed
A.0.AC. procedure (1); since no other optxcally active: subst.anoes
are present in a.pprecmble quantities. - Analysis has ghown ‘that
there is no sugar in the regenerant effluent.




exhausted, . Exchanger ‘beds “of - 1-and" -4-inch.
diaméters  were, used::
The ‘capagity iof the amon excnanger used -
about 15 volumes of juice, of approximately 0.4
malic acid content, per volume of exchanger; th

lE represents an adsorption of- about 750 milli-
equivalents, or-approximately 50 grams, of malic
acid per liter of exchanger. Variations in capac-

| ity from 650 to 850 milliequivalents per liter
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have been noted for the same exchanger with
different juices. The anion exchanger used was
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> l De-Acidite (The Permutit Company), although

other exchangers will work equally well. .
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] After the exhaustion of the exchanger, the bed

REMOVAL FROM ANION EXCHANGER

is backwashed with water to remove residual
juice and, then regenerated with sodium’ carbon-
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. l ate solution in preparation for the next cycle..
The acid is removed from the exchanger in the
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regenerant effluent as the soluble sodium salt.
] of 49, sodium carbonate solution and is passed

'
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The original regenerant consists of 4 volumes
downflow through the exchanger bed at a rate of

2 gallons per minute per square foot of cross

3.24%
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sectional area of the bed. The volume of re-
generant used is expressed in terms of the volume
of the bed. As the regenerant passes through the
bed, most of the malate,is eluted in the first por-
tion of the effluent as shown in Figure 1, in

5.60 3.28 %
+ 5%
No5GO5

which the percentages indicate the malate con-
centration in the effluent fractions. The first 0.5
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volume of -effluent (fraction A) is'discarded, since

l it is largely the water displaced from the bed ant‘
contains little, if any, malate.

The regenerant effluent’is recycled in order to

build up.the malate concentration to about 5%,

B ~——g:

Figurel. -Method of Recycling Regenerant for Recovery of Malic Acid

Upper perceritage indicates malate content

The procedure is briefly as follows: Pipet a 25-ml. sample
{nto a 100-ml. volumetric flask; make it just alkaline to a phenol-
phthalein end point with 1 N sulfuric acid or 1 N sodium hy-
droxide; -add "2 ml. glacial acetic acid and make to volume;
transfer a 20-ml. aliquot to a 25-ml. volumetric flask containing
approximately 8.0 grams ‘of uranyl acetate (finely ground);
shake vigorously at intervals for 3 hours; make to volume with
saturated uranyl acetate solution and filter; polarize in a 200-
mm. tube with sodiumlight. Calculation: de’grees angplar rotation
X 0.519 = grams malic acid per 100 ml. of original solution.

The accuracy of the method varies, but the results are con-
sidered sufficiently reliable to estimate the malate content of the
regenerant effluent. - For determining the purity of the pre-
cipitated calcium’ malate, the authors have relied on calcium
and ash determinations. Comparison of the two methods of
analysis on samples of calcium malate shows that the polari-
metric method gives results which may vary as much as =59%,
of those obtained by calcium and ash determinations.

ADSORPTION ON ANION EXCHANGER -

General methods. for the-use of ion exchangers (13, 15, 16, 19)
and their particular applidation. to the deacidification of apple
juice.have been described in detail elséwhere (4). The screened
(200 mesh) juice is passed downflow' through an anion exchanger

- bed until the pH .value of the combined effluent juice reaches
5.0; "at this point about 80-85% of the malic acid in"the juicé
_ processed has been adsorbed, and the exchanger is considered

at which point satisfactory precipitation of cal-
cium malate can be obtained. ‘A flow dia-
gram for recycling the regenerant is illustrated
in Figure 1. After discarding fraction A,
four 1-volume fractions of effluent are col-
lected from each cycle. Water is then passed through the
bed to rinse out the excess alkali, and the bed is then ready
for the deacidification of apple juice in the next cycle. * The
regenerant effluent fractions from cycle 1, after fortification with’
more sodium carbonate, are then passed through the exchanger
bed in order as the regenerant for cycle 2. This procedure is
repeated until the malate concentration in fraction B has reached
the desired value, and B is then removed for recovery. The
remainder of the fractions are used as the regenerant for the next
cycle with the ‘addition of one volume of fresh 5% sodium car-
bonate solution as shown in the diagram for cycle 4. From this
point on, fraction B, which was fraction C in the preceding cycle,
is withdrawn for precipitation.

After cycle 4, fraction C is not fortified with more sodium
carbonate, since it already contains an excess, and pasfszigg

-through the exchanger in the next cycle reduces this excess so
- that there is less carbonate to remove in the precipitation-pro-

cedure. The slight reduction of malate content from fraction
C, cycle 4, to fraction B, cycle 5, is probably due to dilution by
water in the exchanger which more than offsets the gain derivec
from a succeeding elution. The rinse water used a.ftexj' fraction
E has been collected may contain small amounts of malate,
and the first portion of this rinse water may be used for preparing
the fresh sodium carbonate solution.

An excess: of sodium:carbondte is used to ensure complete Te-
moval of the adsorbed acid and to take care of the_p_revi‘ously'
noted variation in thé ‘capacity of the exchanger for different



wices.’, "OIALEr  &MOUNTS Of SOAIUM CArDONATE Q1A MOL: AIWAYS
ve complete recovery. - The presence of inorganic anions from:
=:apple juice. will increass the requirement of regenerant over
At negessary to remove ‘the ddsorbed acid.. No attempt. was
sde to -use:an alkali stronger than sodium carbonate as &
egenerant.

PRECIPITATION OF CALCIUM MALATE

The portion of the regenerant effluent saved for recovery
contains about 5.0% malic acid as the soluble sodium salt in a
solution containing an excess of sodium carbonate. The excess
carbonate is removed by acidifying with hydrochloric acid.
The malate is precipitated from thi$ solution as the relatively
insoluble neutral calcium salt.

While neutral caleium malate has limited solubility (20°,
0.82; 57°, 0.57 gram per 100 grams water), it does not precipitate
so readily as might be expected. It is not precipitated from
alkaline solution, and at too high acidity the more soluble
calcium acid malate (20°, 1.5; 57° 32.2 grams per 100 grams
water) is formed, and the yields are lowered appreciably. -

. The comcfnlete procedure for precipitation of the neutral salt
is_described in.detail with a ngciﬁc example, and the factors
affecting the precipitation will be_discussed separately: Four
liters of regenerant effluent with-a pH value of 8.5 and containin
188 grams of malic acid ‘as sodium malate were acidified wit
hydrochloric acid to a pH of 5.5. - This solution was concentrated
under vacuum to one fourth the original volume, and the pH
value was adjusted to 6.0 with sodium hydroxide. A 40%
calcium chloride solution was added slowly with stirring; 109%
excess of calcium over the theoretical amount required was
used. Usually a grainy precipitate formed immediately. Occa-
sionally it was necessary to seed the supersaturated solution.
This was allowed to stand for 24 hours for complete precipitation,
= ~d then was filtered by suction and washed with a small amount

hot water. The calcium malate was dried to constant weight
at room temperature. The yield was 284 grams of dry product.
Calcium determination proved this product to be 97%, calcium
malate as the trihydrate, and ash determination indicated that
it contained 2%, ash other than calcium. The yield represented
a 90% recovery of the malate from the original regenerant
effluent. Drying at 70° C. in a vacuum oven gave a hydrated
product containing 1.5 molecules of water.

Figure 2 shows the effect of the malate concentration in the
efluent on the yields of calcium malate obtained when pre-
cipitated at a pH value of 6.0. The effluent should be con-
centrated to 15 to 209 malate in order to realize a 90% recovery.

Figure 2" also shows that maximum recovery was obtained
when precipitation occurred at.an initial pH value of 6.0. Below
5.5 there was an appreciable decrease in yield, probably because
of the formation of the more soluble acid salt. The pH value
of the mother liquor after the precipitation is decreased to about
4.0. Maintaining the pH value at 6.0 during. the precipitation
does not increase the yield.

The acid salt can readily be.obtained in good yields and with
high purity by dissolving the neutral salt in a 10% nitric acid
solution until saturated at 57° C., the temperature of maximum
solubility. - The saturated solution is filtered hot, and, on cooling,
a fine white crystalline material separates. The .crystalline

calcium acid malate is the hexahydrate, and equivalent weight .

determinations indicate that a product of nearly 1009, purity
is obtained on the first crystallization.

CONVERSION OF CALCIUM MALATE TO MALIC ACID

The acidor neutral calcium malate can readily be converted
o the free acid by treating it with sulfuric acid. The calcium
is removed as insoluble sulfate. As might be expected from such
a reaction, nearly quantitative yields can be obtained. Crystal-
lization of the free acid from its solution, however, is not so easy.

Thé finely ground-calcium malate is dispersed in’?
its weight-of water to forma thick slurry, and 50%
is slowly stirred in, - Slightly less than thé caleulate :
of sulfuric:acid required to remove the"calcium"is ‘used:'?*The
mixture is stirred for several hours,-allowed to stand 6vernights
and then filtered on-a_suction filter. The’precipitated calcium
sulfate is washed with water, and the filtrate and washirigs dre
combined. On concentrating this dilute solution under vacuum,’
a further slight precipitate of caleium sulfate is formed; - this.is
filtered off, and the filtrate is further concentrated to a-thick:
sirup; For example, 150 grams of calcium malate trihydrate
containing 87 grams of malic acid by analysis yielded 84 'grams of
malic acid as a 679, solution. = This represents a 96% recovery
of the acid from the calcium salt. )
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Figure 2. Effect of Malate Concentration and Initial pH

of Precipitation on Yields of Calcium Malate

. Because of its high solubility, malic acid is difficult to crystallize
from its solution. Other workers have stated that crystallization
will occur after the acid has been concentrated to a thick sirup
and allowed to stand, but we have been unable to obtain a crystal-
line product. Drying at 70° C. in a vacuum oven does not cause
crystallization, and no crystals have been obtained even on hold-
ing the thick sirup for long periods of time in.a vacuum desiccator.
The acid should not be' dried at temperatures higher than 70°-C.
because of the possibility of anhydride formation (11). . ]

- For identification 'purposes, a small amount of crystallin
l-malic acid was prepared by precipitation of the lead salt and
subsequent decomposition with hydrogen sulfide to remove the
lead. - The resulting solution was concentrated in vacuo, and the
residual water removed by distillation with absolute ethanol.
A crystalline product was obtained, and this was recrystallized
from an alcohol-benzene solution, which was evaporated until
crystallization occurred. The material melted at 103° C.
(corrected), which agrees with that reported by McCall and
Guthrie (9). The mixed melting point with a known sample
of l-malic acid was 103° C. The equivalent weight was 67.1
(calculated, 67.0). The melting point of the p-bromophenacyl
ester was 179° C. (corrected), which agrees with that given by
Shriner and Fuson (17).

DISCUSSION

I-Malic acid can be produced as & by-product in the manu-
facture of apple sirup by the ion exchange process. By a slight
modification in the regular exchanger regenerative procedure with.
sodium carbonate, the acid is obtained as the soluble’ sodium
salt in the regenerant effluent in sufficient concentration to
permit recovery. The effluent is acidified to.pH 5.5 to remove.
excess carbonate, evaporated to 15-20% malate content, and ad-
jasted to pH 6.0. Calcium chloride is added to precipitate cal-



LITERATURE CITED

(1) ,Assoo of Offivial: Agr Chem., Official-and Tentative Methods
“ of ‘Analysis, 5th'ed., p. 344 (1940).

()" Bxgelow, W. D.,.and Dunbar.P B, IND Eng. Cuewm., 9, 762-7

S 1917).

(3) Bollmger,H  J. Assoc. Official Aar. Chem 25, 412-28 (1942).

(4) Buck, R. E., and-Mottern, H H IND Eva. CueM., 37, 635-9‘

- (1945).

(6) Charley. V.L.S.,, Hopkms,D P., and Pollard A., Fruit Products
J., 22,-108-10 (1942).

- (6) thnbar. P, B., and Bacon, R. F., Inp. Ena. Caem., 3, 826-31
1911), - - .
@ Fr(anzen, H “and Helwert F., Z. phys. Chem.,. 127, 14-38
1923

(8) Hartman, B. G., and Tolman, L. M., Inp. Eng. CHE’M 9,

. 759-62 (1917).

(10) ‘Matchett; J.. R., LeGault ROR:
G. K. “Fruit "Products T 23;-.’107—12 (1943v
.CHEM., 36, 851-7 (1944)

(11) Morse.F W.,J Ami. Chem..Soc., 51, 127649 (1929)

(12) Mottern, ‘H. H., and Morris, R. "H., II1, U. 8 Dept of Agk
‘Bur. Agr: Ind. Chem.; Cire. AIC-37 (1944)

(13) Myers, F. J., Inp. ENa. an., 35, 859-63 (1943)."

(14) Nelson, E. K J. Am, Chem. Soc.; 49, 1300—02 (1927).

(16) Permutit Co., Mlmeograph "Suggestxons for experimental use

. of ion exchangers in process industries,” 1942. -

(16) Resinous Products & Chemical Co., “The Amberlites," 1941.

(17) Shriner, R. L., and Fuson, R. C., “Systematxc Identiﬁcatxon of
Organic Compounds." p. 182 New York, John Wiley &
Sons, Inc., 1940, .

(18) 8nell, J. F., J Soc. Chemn. Ind., 44, 140-41T (1925).

(19) Tu(;er. H. L., and Sussman, S IND ENG CapuM., 35, 186—92
1943).

(20) Vanino, L., ‘“Handbuch .der Pr&paratwen Chemie,” Vol. II
Org. Sect p. 146, Enke, Stuttgart, 1937,

(21) Yoder, P. A., INp. ENG CHzM., 3, 563-74 (1911).




